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A B S T R A C T   
Campylobacter fetus is an important animal pathogen that causes infectious infertility, embryonic mortality and 
abortions in cattle and sheep flocks. There are two recognized subspecies related with reproductive disorders in 
livestock: Campylobacter fetus subsp. fetus (Cff) and Campylobacter fetus subsp. venerealis (Cfv). Rapid and reliable 
detection of this pathogenic species in bulls is of upmost importance for disease control in dairy and beef herds as 
they are asymptomatic carriers. The aim of the present work was to assess the performance a real-time PCR 
(qPCR) method for the diagnosis of Campylobacter fetus in samples from bulls, comparing it with culture and 
isolation methods. 520 preputial samples were both cultured in Skirrow’s medium and analyzed by qPCR. The 
estimated sensitivity of qPCR was 90.9% (95% CI, 69.4%–100%), and the specificity was 99.4% (95% CI, 98.6% - 
100%). The proportion of C. fetus positive individuals was 2.1% by isolation and 2.5% by qPCR. Isolates were 
identified by biochemical tests as Cfv (n = 9) and Cff (n = 2). Our findings support the use of qPCR for fast and 
accurate detection of C. fetus directly from field samples of preputial smegma of bulls. The qPCR method showed 
to be suitable for massive screenings because it can be performed in pooled samples without losing accuracy and 
sensitivity.   
1. Introduction 
Campylobacter genus is composed by Gram-negative epsilon-proteo-
bacteria specially adapted to vertebrate hosts. Some species are patho-
gens of livestock and also have reservoirs in wild and domestic fauna. 
The species Campylobacter fetus is an important animal pathogen that is a 
primary cause of infertility, embryonic mortality and sporadic abortions 
in bovines and ovines. This species is currently divided into the 
subspecies Campylobacter fetus subsp. fetus (Cff), Campylobacter fetus 
subsp. venerealis (Cfv) and Campylobacter fetus subsp. testudinum (Cft) 
(Fitzgerald et al., 2014; Veron & Chatelain, 1973). While Cfv is 
host-restricted and isolated almost exclusively from the bovine genital 
tract, Cff has been isolated from many hosts including sheep, cattle and 
humans (Iraola et al., 2017; Wagenaar et al., 2014). Cft has been more 
recently proposed based on the characterization of genetically divergent 
strains isolated from reptiles and sick humans (Dingle et al., 2010; 
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1 These authors contributed equally to this work 
Contents lists available at ScienceDirect 
Veterinary and Animal Science 
journal homepage: www.elsevier.com/locate/vas 
https://doi.org/10.1016/j.vas.2020.100163 
Received 21 October 2020; Received in revised form 20 December 2020; Accepted 22 December 2020   
Veterinary and Animal Science 11 (2021) 100163
2
Fitzgerald et al., 2014; Patrick et al., 2013). 
Bovine Genital Campylobacteriosis (BGC) is a venereal disease 
associated with lowered pregnancy rates and sporadic abortion (Bryner, 
1964). Campylobacteriosis has great economic impact and is a serious 
concern for cattle industry worldwide (On, 2001). Infected animals have 
trade restrictions and therefore it is mandatory to report outbreaks to the 
World Organization for Animal Health (OIE). BGC has been traditionally 
associated to Cfv, but the Cff subspecies also occurred in cows with 
reproductive disorders and is found in preputial cavities, vaginal mucus 
and in the organs of aborted fetuses. As Cfv and Cff are not clearly 
differentiated at the genomic level (Calleros et al., 2016; van der 
Graaf-van Bloois et al., 2014), the presence of any of them is usually 
considered evidence of a reproductive disease (Repisoet al., 2005). 
In Uruguay, cattle pregnancy rate has a mean of 73% and the 
reproductive losses between the diagnosis of gestation and weaning 
have been estimated to be 10.3% (Uruguayan Ministry of Agriculture, 
2018). The total amount of reproductive losses is usually accepted to be 
multifactorial including genetic incompatibilities, nutritional and toxi-
cological aspects and infectious agents which interact with one another 
depending on the type of herd and system. This challenges the correct 
diagnosis of losses. Infectious diseases are the main cause of approxi-
mately 50% of reproductive failures (Campero et al., 2005). BGC was 
reported for the first time in Uruguay in 1967 with a wide distribution in 
dairy cattle in the south of the country (Errico, De Freitas, Tedesco & 
Barriola, 1976). Campylobacter fetus was present in 2.6% of the bulls in 
2005 (Repisoet al., 2005) and it was also identified as the possible cause 
of abortion in 16% of 431 aborted fetuses examined in 2006 (Easton, 
2006). The species C. fetus was associated with 2% of a series of 102 
abortions analyzed during 2018 (Macías-Rioseco, 2018). The frequency 
of campylobacteriosis as a cause of infertility in cows and its influence in 
the pregnancy and weaning rates is still unclear, but the disease is 
frequently diagnosed in our country by public and private laboratories 
using different techniques, including culture and isolation, end point 
PCR and immunofluorescence. Accordingly, epidemiological surveil-
lance of this disease is essential, as it may have an important role in the 
observed low pregnancy and weaning rates in Uruguay. Detection of 
carrier bulls is particularly required in order to control campylobacter-
iosis. Bulls are the main spreading source of the pathogen within a herd 
during breeding. The continuous sampling of bulls is essential to reduce 
transmission, thus improving conception rates in heifers and shortening 
service periods. Preputial sampling and diagnosis of bulls before the 
service is a widely spread control measure carried out by field vets in our 
productive systems. Nevertheless, there are still productive systems that 
lack veterinary assistance. It is essential that sold bulls are certified free 
of the disease. 
The diagnosis of BGC in cases of infertility is difficult, and there has 
been a continuous search for practical, fast and low-cost methodologies. 
The combination of culture isolation and biochemical tests is useful to 
analyze different kinds of samples, even those with a low bacterial count 
(like preputial washings from bulls). This methodology is considered the 
gold standard for the diagnosis and identification of C. fetus and its 
subspecies (OIE, 2008) and is well standardized and extensively used. 
However, it is time-consuming and labor intensive, a disadvantage when 
processing samples at a large-scale. This method presents additional 
difficulties, such as the interference with other microorganisms because 
samples come from highly contaminated environments (Bolton, Holt & 
Hutchinson, 1984; Lander, 1990), and the microaerophilic conditions 
required for its growth. These fastidious growth requirements motivated 
the development of alternative diagnostic methods. 
Molecular methods using PCR have become a suitable alternative for 
fast and highly specific bacterial diagnosis. Several studies have pro-
posed methods for identifying the species C. fetus and its subspecies 
using end point PCRs (Abril et al., 2007; Linton, Owen & Stanley, 1996; 
Schouls et al., 2003; Schulze, Bagon, Müller & Hotzel, 2006; Van Ber-
gen, Linnane, van Putten & Wagenaar, 2005; Vargas, Costa, Vainstein, 
Kreutz & Neves, 2003). The most widely used assay is a multiplex PCR 
that detects the species C. fetus and differentiates between its subspecies 
(Hum, Quinn, Brunner & On, 1997). More recently, another multiplex 
PCR assay was proposed, based on the virB11 gene which is present in a 
pathogenic island of Cfv (Gorkiewicz et al., 2010; Iraola et al., 2012). 
These methods are accurate to identify C. fetus species. Nevertheless, 
there are several evidences that there isn’t a high concordance between 
molecular assays and biochemical tests for subspecies differentiation 
(Calleros et al., 2016). To the best of our knowledge, there is no mo-
lecular method whose results correspond to that of the biochemical tests, 
which is the gold standard for subspecies differentiation. 
Real-time PCR methods have several advantages over the end point 
PCR methods, such as the high sensitivity and specificity, speed and 
reduced risk of cross-contamination. Because of the advantages of the 
16S rRNA genes for reliable detection of bacteria (Blom, Patton, Nich-
olson & Swaminathan, 1995; Linton et al., 1996; Weisburg, Barns, Pel-
letier & Lane, 1991) a qPCR assay targeting rRNA gene sequences for the 
specific detection of C. fetus was developed (Iraola et al., 2016). How-
ever, the clinical application of this qPCR test has not been yet estab-
lished in routine surveillance. 
The primary goal of this study was to assess the clinical usefulness of 
this qPCR for the diagnosis of C. fetus in preputial scrapings. The method 
is compared with the standard bacteriological method to determine the 
clinical sensitivity and specificity of the technique for preputial smegma 
samples. 
2. Materials and methods 
2.1. Samples 
A total of 520 samples were obtained from bull preputial smegma. 
Samples were collected from two slaughterhouses with batches from 98 
different farms. The farm location of the sampled bulls in this study was 
distributed in 17 out of 19 political divisions of the country (Departa-
mentos). Samples were collected between August 2017 and July 2019 in 
13 independent samplings. To obtain samples, the external part of the 
penis and prepuce was recovered during the slaughter and scraped with 
a disposable spatula obtaining the preputial smegma with the least 
possible contamination. The material collected in the scraper or spatula 
was discharged in individual tubes with 3 mL sterile PBS and placed in 
an isothermal box at room temperature. The samples were immediately 
transported to the laboratory for culture and molecular analysis. 
2.2. Culture and isolation 
Samples were cultured within 4 h after collection. Briefly, 150 μl of 
each sample were inoculated in Agar Skirrow Medium and incubated at 
37 ◦C in a microaerophilic atmosphere (CampyGen®, Oxoid, UK) with 
5–10% oxygen, 5–10% carbon dioxide and 5–9% hydrogen for 48 h. 
Colonies were visually inspected by naked eye and under a phase 
contrast microscope. At least three suspected C. fetus colonies were 
reinoculated in Columbia blood agar medium (Oxoid, UK) in indepen-
dent plates to obtain the isolates. Subspecies classification was pheno-
typically determined with the 1% glycine tolerance test and the 
hydrogen sulfide (H2S) production test in a medium with Triple Sugar 
Iron (TSI). Isolates were frozen in Brucella broth with 16% glycerol in 
liquid nitrogen for conservation. 
2.3. Molecular assays 
Molecular assays and culture methods were performed simulta-
neously. DNA extraction was performed individually from 500 µL of 
each sample using a modified fast boiling method (Schunck, Kraft & 
Truyen, 1995). 
An end point PCR control method was used to assess the quality of 
the extracted DNA. This method amplifies a fragment of the 16S rRNA 
gene using a new combination of previously described universal primers 
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(Delong, 1992; Jiang et al., 2006; Lane, 1985; Weisburg et al., 1991). For 
this assay, PCR was carried out in a mix containing 0.5 mM of each 
dNTP, 1 × reaction buffer, 2.5 mM MgCl2, 1.0 µM Bac27F/534R primer 
set, and 1.5 U Taq DNA polymerase (Thermo Scientific, USA) in a final 
volume of 20 µL. The following cycling conditions were used: an initial 
denaturation for 3 min at 94 ◦C followed by 30 cycles of denaturation for 
30 sec at 94 ◦C, annealing for 45 sec at 54 ◦C, and extension for 1:30 min 
at 72 ◦C. Amplicons were separated in 1.0% agarose gels and stained 
with ethidium bromide. This control method was applied to all samples 
individually, and also pooled in groups of three and five. 
Real-time PCR was carried out in duplicates following a previously 
described protocol (Iraola et al., 2016). The reaction was carried out in 
25μL containing 1 × HotRox Master Mix (Bioron), 8 mM MgCl2, 0.3 μM 
of each primer, 0.1 μM TaqMan-MGB probe (Applied Biosystems) and 1 
to 5 μL of genomic DNA. 
Thermocycling was performed on an ABIPrism 7500 analyzer 
(Applied Biosystems, FC, USA). 
Samples were tested individually and in pools of three or five. Pools 
were made using equal volumes of DNA extraction from each sample. 
The amount of template DNA for the PCR and qPCR reactions was 
modified according to the pooling scheme. 
The performance of the individual samples and pools were compared 
using CT values and final fluorescence values. The lower limit of the 
linear dynamic range of the assay was established in 102 genome copies 
per reaction, with a mean CT value of 37 (Iraola et al., 2016). Therefore, 
samples with a CT minor to 37 were considered positive. When positive 
pools were identified, the qPCR assay was repeated individually to 
detect the positive samples. 
Species identification of the isolates was confirmed by amplification 
and sequencing of a fragment of the 16S rRNA gene with primers C412F 
and C1288F using previously described conditions (Linton et al., 1996). 
Additional identification of C. fetus and differentiation of Cff and Cfv was 
performed for each isolate by two previously described multiplex PCR 
methods (Hum et al., 1997; Iraola et al., 2012). 
For real-time and end point PCRs, positive and negative controls 
were included in every assay. Two positive controls were included as 
DNA extractions from a pure C. fetus culture and from a positive sample. 
Two negative controls were used: DNA extraction from a negative 
sample and nuclease free water. 
2.4. Statistical analysis 
Sensitivity and specificity of qPCR and the kappa value (Thrusfield, 
1995) to measure the agreement between the culture and the qPCR 
techniques were calculated using the Epidat 3.1 software. 
The proportion of positive cases was determined by the Wilson score 
method (Newcombe, 1998), which provided the estimated mean and the 
ranges between the lower limit and the upper limit expressed as a per-
centage with a confidence interval of 95%. It was considered that there 
was evidence of statistical differences in the case that no values over-
lapped in the comparison between the ranges of the lower limit and the 
upper limit. 
3. Results 
3.1. Culture and isolation 
A total of 520 samples of preputial smegma were cultured in a se-
lective medium. Eleven samples coming from 8 different farms resulted 
in the isolation of C. fetus. Isolates were identified by biochemical tests 
as Cfv (n = 9) and Cff (n = 2) (Table 1). 
3.2. Molecular assays 
The DNA quality control method used, which amplifies a fragment of 
the 16S rRNA gene was the first step during the analysis of pools and 
samples. All samples and pools showed a positive result. 
There were no differences between pools and individual samples in 
presence/absence results in qPCR assays. CT values ranged from 26 to 
36 in samples and in pools. CT values of pools (3 and 5 samples each) 
and individual positive samples from each pool were concordant. Due to 
this, samples were analyzed in pools of five. In all cases where positive 
pools were identified, the qPCR assay was performed individually and 
detected at least one positive sample. No differences between the du-
plicates were found neither in the samples nor in the controls. 
According to qPCR, thirteen samples were positive which included 
10 with isolation of C. fetus and 3 samples where the isolation was un-
successful (Table 2). 
Comparison of sequences from a fragment of the 16S rRNA gene 
(Linton et al., 1996) with those on the NCBI nucleotide database showed 
99.7% to 100% identity to several published C. fetus sequences, identi-
fying the isolates as C. fetus. Biochemical and molecular assays 
confirmed this result. All isolates were identified by both molecular 
assays as Cfv (Table 1). 
3.3. Statistical analysis 
The proportion of C. fetus positive individuals determined by the 
Wilson score method was 2.1% (95% CI, 1.1% - 3.1%) by culture and 
isolation and 2.5% (95% CI, 1.5% - 3.8%) by qPCR. There was no evi-
dence of statistical differences between the results of culture and qPCR. 
For the estimation of the sensitivity and specificity of qPCR, the re-
sults from culture and isolation were taken as the reference, obtaining a 
sensitivity of 90.9% (95% CI, 69.4%–100%) and specificity of 99.4% 
(95% CI, 98.6% - 100%) (Table 2). 
The kappa value obtained when comparing the diagnostic techniques 
was 0.8, with a standard error of 0.08 and a confidence interval of 95%. 
4. Discussion 
The qPCR technique used in this research was previously developed 
by our group and targets a unique region of the 16S rRNA gene of 
C. fetus. It has sensitivity and specificity of 100% obtained using isolated 
strains of C. fetus, with no cross-reaction with isolates from other 
Table 1 
Phenotypic testing and genotypic characterization (multiplex PCR) of the iso-
lates obtained.  
Isolate Phenotypic typing1 MultiplexPCR A2 MultiplexPCR B3 
Uy/R18 Cfv Cfv Cfv 
Uy/V28 Cfv Cfv Cfv 
Uy/W8 Cfv Cfv Cfv 
Uy/W11 Cfv Cfv Cfv 
Uy/X29 Cfv Cfv Cfv 
Uy/AD29 Cfv Cfv Cfv 
Uy/AE9 Cff Cfv Cfv 
Uy/AE14 Cfv Cfv Cfv 
Uy/AE16 Cfv Cfv Cfv 
Uy/AF47 Cfv Cfv Cfv 
Uy/AF53 Cff Cfv Cfv  
1 Glycine tolerance and H2S production. 2As described in Hum et al., 1997. 3As 
described in Iraola et al., 2012. 
Table 2 
Number of positive animals by culture and qPCR. Sensitivity and specificity of 
the qPCR assay, calculated using culture as the reference technique. 95% con-
fidence intervals (CI) were calculated.    
Culture    
Positive Negative Sensitivity (CI) 
qPCR Positive 10 3 90.9% (69.4–100) 
Negative 1 506  
Specificity (CI)  99.4% (98.7–100)   
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bacterial species (Iraola et al., 2016). The aim of the present study was to 
compare the performance of this assay to culture and isolation, the 
current gold standard for C. fetus detection. We tested 520 samples of 
preputial scrapings, and obtained 11 isolates that were confirmed to be 
C. fetus by three separated molecular assays: sequencing of a fragment of 
the 16S rRNA gene (Linton et al., 1996) and two end point PCRs that 
detect the specific gene cstA (Table 1) (Hum et al., 1997; Iraola et al., 
2012). 
Here, an end point PCR DNA control was standardized using uni-
versal primers that detect every bacterial species. The result of this 
control was positive in all samples, suggesting good quality of the 
extracted DNA. As the theoretic sensitivity of end point PCR is inferior to 
that of qPCR, we consider this result is satisfactory enough to establish 
that the extraction method chosen for the preputial samples is adequate. 
Our results showed that the qPCR used in this research has a sensi-
tivity and specificity of 91% and 99%, respectively, in relation to the 
gold standard culture and isolation technique in samples of preputial 
smegma. The high sensitivity and specificity of this qPCR suggests that 
the 3 samples that tested positive for qPCR and were negative in the 
culture were true positives for qPCR and false negatives in the cultures. 
The sensitivity of the culture reported in previous studies is between 
25% and 90% (Guerra, Chaban, Hill, Waldner & Hendrick, 2014), 
reinforcing this hypothesis and providing additional relevance to our 
results. 
As a kappa value equal to or greater than 0.40 is acceptable and 
considered excellent if it is higher than 0.75 (Thrusfield, 1995), the 
kappa value of 0.8 between the culture and the qPCR indicates an 
excellent concordance between both methods. 
Our findings confirm that in Uruguay, C. fetus is still present in 
preputial smegma samples from slaughterhouse bulls. The proportion of 
C. fetus-infected animals (2.1%) is similar to the value of 2.6% reported 
in 2005 (Repisoet al., 2005) using the culture and isolation method. 
Subspecies differentiation is still a matter of discussion in the sci-
entific community. Our results confirm the previously reported dis-
crepancies between biochemical and molecular assays (Calleros et al., 
2016) (Table 1), mostly due to horizontal transfer of genetic material 
(Abdel-Glil, Hotzel, Tomaso & Linde, 2020; Silva et al., 2020). This re-
inforces the idea that there is still necessary to investigate further on this 
issue. Regardless of that issue, we found that Cfv is the predominant 
subspecies circulating in bovines in Uruguay, as previously reported 
(Repisoet al., 2005). Since Cff can also be present in the bull’s prepuce, 
our results confirm the usefulness of a method that is suitable to detect 
any variant of C. fetus, including both mammal-associated subspecies. 
The protocol used here is a sensitive, specific, reproducible and less 
time consuming technique (Iraola et al., 2016), which makes it a good 
option as a screening technique for the detection of C. fetus in clinical 
samples from bulls. Additionally, the greater sensitivity of the qPCR in 
relation to the end point PCR allows the analysis of pools of five samples 
which, together with the use of a rapid and low cost DNA extraction 
method, significantly decreases the cost and time of processing when 
dealing with a great number of samples. 
To ensure the feasibility of the method for use in live animals, we 
performed a preliminary study using prepuce scrapings from 168 bulls 
and the same methodology as in slaughterhouse bulls. Results showed a 
sensitivity and specificity of 100% and 99%, respectively (Supplemen-
tary material S1). Even when these results have to be confirmed using a 
larger amount of samples, we consider they are very promising, as they 
are equivalent to those presented here using slaughterhouse bulls. 
An advantage of PCR and molecular biology techniques is that they 
are based on DNA detection and therefore can detect the agent in low 
loads. In a disease such as BGC, where the number of viable bacteria 
obtained in the sample of preputial smegma cannot be predicted, and the 
transport conditions strongly affect the culture outcome, appropriate 
identification of the microorganism is difficult. Thus, relying on a PCR 
technique is an advantage for diagnosis. 
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